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Abstract 
In this paper, we present how a thin RF sputtered layer of lanthanum oxide (La2O3) can alter 
electrical and improve hydrogen gas sensing characteristics of Pt/molybdenum oxide (MoO3) 
nanostructures Schottky diodes. We derived the barrier height, ideality factor and dielectric 
constant from the measured I-V characteristics at operating temperatures in the range of 25 to 
300°C. The dynamic response, response and recovery times were obtained upon exposure to 
hydrogen gas at different concentrations. Analysis of the results indicated a substantial 
improvement to the voltage shift sensitivity of the sensors incorporating the La2O3 layer. We 
associate this enhancement to the formation of numerous trap states due to the presence of the 
La2O3 thin film on the MoO3 nanoplatelets. These trap states increase the intensity of the 
dipolar charges at the metal-semiconductor interface, which induce greater bending of the 
energy bands. However, results also indicate that the presence of La2O3 trap states also 
increases response and recover times as electrons trapping and de-trapping processes occur 
before they can pass through this thin dielectric layer.  
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1.  Introduction 
In recent years, tremendous research focus has been directed into the development of 
inexpensive, low power and miniaturized gas sensors with enhanced performance. The rise of 
global concerns such as climate change, environmental sustainability, safety and security has 
prompted the need for alternative energy transforming systems. Many of these systems 
incorporate hydrogen and hydrocarbon sensors as one of the crucial elements. 
There are currently many different technologies available for hydrogen sensing; among them 
the semiconducting metal-oxide sensors have shown some of the most promising results. 
They have attracted widespread commercial interest in a vast range of applications [1, 2] and 
recent advances in nanotechnology has catalyzed the development of many new materials 
exhibiting enhanced gas sensing performance [3]. These developments have been introduced 
into new fabrication processes to increase the performance of semiconducting metal-oxide gas 
sensors.  
In previous work, we have investigated the gas sensing performance of different 
nanostructured metal-oxide including: TiO2, RuO2, ZnO, WO3 and MoO3 as they were 
employed in metal/semiconductor junction structures [4-10]. They have shown high 
sensitivity towards both reducing and oxidizing gases. Among these metal-oxides, MoO3 has 
been recognized as one of the most sensitive and extremely volatile materials due to its low 
melting temperature and low thermal dynamic stability [11-13]. The sensing properties of 
MoO3 nanostructures have also been investigated by other research groups [14-20]. In MoO3, 
the oxygen vacancies can diffuse from the interior of the material to the surface and vice 
versa, and the bulk of the oxide has to reach an equilibrium state with ambient oxygen [11]. 
This is a problem as the oxygen vacancies are the main bulk point defects and play a vital role 
in the hydrogen gas sensing mechanism. It means that to attain strong sensing properties of 
MoO3, it is necessary to use materials, in which the equilibrium of oxygen diffusion is 
constant and minimized. In this work, we aim to achieve this by depositing La2O3 as a highly 
stable material [21] with a wide band gap of  > 4.3 eV [22] and relatively high dielectric 
constant (~25) [22]. The potential applications of La2O3 thin films include dielectric layers in 
capacitive applications [23], coatings [24], catalysts [25] and gas sensing applications [26-31]. 
There are also reports showing that La2O3 as coating layer can improve the sensing 
performance of metal-oxide gas sensors by adding additional surface states that exhibit the 
redox catalytic properties [13, 24, 26-31].  
Therefore, in this work, we will examine the effect of a thin layer of this material on the 
electrical properties and hydrogen gas sensing characteristics by developing a Pt/La2O3 coated 
MoO3 nanoplatelets Schottky junction. We will explain how the sensing performance of such 
a device is linked to the thermionic and Poole-Frenkel conduction mechanisms. 
2. Experimental 
Nanostructured MoO3 thin films were deposited on n-type 6H-SiC substrates (Tankeblue Co.) 
using thermal evaporation deposition. Cleaning, dicing and preparation of the SiC substrates, 
formation of ohmic and Schottky contacts as well as the MoO3 deposition method can be 
referred to our earlier work [4-9]. The grown MoO3 thin films were subsequently coated with 
a thin La2O3 layer by RF sputtering. A 99.99% pure La2O3 target in a Denton Vacuum 
Discovery sputtering system with a distance of ~15 cm from the substrate was used. The 
chamber was pumped to an operating pressure of 10-7 Torr and the substrate was heated to 
~300°C. The deposition took place over a period of 16 s in a mixed Ar/O2 (4:1) gas using RF 
power of 25 W. The thickness of the La2O3 layer was calibrated to 4 nm prior to sputtering 
using a Spectroscopic Ellipsometer (VASE VB400). The developed sensor was placed in a 
multi-channel gas testing system for the electrical and sensing measurements and the 
experimental set-up and schematic of the nanostructured Schottky diodes. The detail of our 
gas sensing system set-up has been presented previously [4-9]. 
3. Results and Discussions 
3.1. Material Characterizations 
 
Fig. 1 shows the SEM micrographs of the La2O3 coated MoO3 films comprising of 
nanoplatelets with dimensions ranging from 2 to 18 µm with a platelet thickness of on 
average ~200 nm. The nanoplatelets grew in a layer-by-layer structure made of 1.4 nm thick 
sheets [32], thus they provide a high surface area-to-volume ratio both internally and 
externally for gas adsorption. TEM image (inset of Fig. 1) indicates that 4 nm thick layer of 
La2O3 thin films deposited on the MoO3 nanoplatelets. Analysis of the La2O3 coated MoO3 
nanoplatelets by X-ray diffraction (XRD) (Fig. 2) revealed a crystallographic orthorhombic 
structure. The XRD spectrum of pure thermally evaporated MoO3 nanoplatelets can be found 
in reference [9]. The stronger peaks at 26° and 39.2° (2θ) evidence the presence of La2O3 in 
the coated films [27, 33]. However, the electrical characteristics will identify more evidently 
the effect of the La2O3 layer. 
3.2. Electrical Characteristics and Conduction Mechanisms 
 
Fig. 3 shows the current-voltage (I-V) characteristics of MoO3 nanoplatelet Schottky diodes 
with and without La2O3 coating at different temperatures up to 360°C. These temperatures 
were selected as Comini et al. [34] observed that at operating temperatures higher than 400°C 
a strong decrease in conductivity occurs in MoO3 due to the partial sublimation of the oxide. 
The La2O3 coated diode exhibited nonlinear electrical behavior (Fig. 3a) and also a much 
higher rectifying voltage at 25°C as compared to the Schottky diodes without the La2O3 
coating (Fig 3b). The augmentation of the electric field localized at the edges of the 
nanoplatelet morphology can be seen lowering the reverse breakdown voltage of the Pt/MoO3 
I-V characteristics [9, 35]. However, with the addition of La surface states they contribute to 
increase the defect density and we explain below that the pinning Fermi level is responsible 
for mutually excluding the localized electric fields from modulating the Schottky barrier. 
Therefore, we can observe the rectifying and breakdown voltage for the Pt/La2O3 coated 
MoO3 diodes to be significantly higher than exhibited by the Pt/MoO3 diodes. However, with 
respect to increasing temperature, the surface states in the diode with La2O3 can eventually 
recombine with minority carriers and allowing the localized electric fields to contribute and 
drive the flow of current. 
The increase in the rectifying voltage can also be explained in further depth by the theory 
involving numerous surface traps and their subsequent conduction mechanisms. 
Semiconductor theory explains how the forward I–V characteristics of an ideal Schottky 
contact, consists of an exponential region in the low-current region and the resistance-limited 
region in the high-current region [36, 37]. The Shockley diode equation based on the diffusion 
and recombination currents is given by [36]: 
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where J is the forward current density, J0 is the saturation current density, q is the electron 
charge, V is the applied potential difference, η is the ideality factor, T is the absolute 
temperature, A* is the effective Richardson’s constant assumed (100 A.cm−2.K−2) [38-40], ΦB 
is the Schottky barrier height and kB is the Boltzmann's constant.  
In a non-ideal Schottky contact, the diffusion theory assumes the current is distributed over 
the length of the depletion region and in recombination theory, the density of defects that are 
present in the metal-oxide are extremely influential such that they drive a recombination 
current [36, 37]. If there were no defects present, the total diode current would be considered 
a pure diffusion current and η would be 1, as would be in the ideal diode case. The increase in 
defect density drives the value of η  up to 2 (the classical non-ideal case) and values 
significantly greater than 2 are emerging as feasible values in [37, 41, 42]: (a) surfaces with 
high surface area-to-volume ratio and (b) surfaces that are scaled down to dimensions shorter 
than the Debye length that exhibit quantum effects. In this case, the value of η can be 
approximated by the inverse of the extracting slope from the semi-log I-V characteristics 
(following Equation (1)) which is multiplied by q/kBT [43]. 
The ideality factors extracted from the forward I-V characteristics of both diodes is presented 
in Fig. 4. At 25°C, η for the La2O3 coated MoO3 nanoplatelet was found to be 13.9 in 
comparison to η of 1.46 for pure MoO3 nanoplatelet diode. This indicates that the density of 
defect trap states present in the lattice of the La2O3 coated nanoplatelets is excessive, allowing 
the I-V curves to be characterized as extremely non-ideal diode behavior. However, with 
increasing temperature the ideality factor decreases, which can be attributed to the 
recombination of traps with thermal carriers. 
In a wide band-gap La2O3 layer carriers transport through the material at slower rate as they 
undergo trapping and de-trapping processes in the localized states which is a function of the 
temperature dependent dielectric constant. Using Poole-Frenkel (PF) theory, a value for the 
dielectric constant can be estimated from the slope of the semi-log I-V characteristics in 
Equation (3) [36, 44, 45]: 
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where IF is the measured current; β is a physical parameter; Φ1 is the depth of the trap 
potential well; kB is the Boltzmann’s constant; κ is the dielectric constant of the 
semiconductor; ε0 is the permittivity of free space; and tox is the oxide thickness and in our 
case, we assume this as the length of the nanoplatelets. Fig. 5 shows the estimated dielectric 
constant of the La2O3 coated MoO3 nanoplatelets diodes with respect to temperature as 
extracted from their I-V characteristics.  
Carriers with discrete activation energy can migrate through the interface by overcoming a 
Coulombic trap potential generated by the difference between the dielectric constant of MoO3 
and La2O3. The PF relationship attributes a non-linear J-E characteristic, as given in Equation 
(4) [36, 44, 46], to an electric-field-enhanced thermal excitation of charge carriers through the 
Coulombic traps.  
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Here, the E is applied electric field (given as V/d, where d is assumed the length of the 
nanoplatelets), Wt is the activation energy to release a trapped charge carrier from the 
Columbic trap, εi is the permittivity of the dielectric and C is a constant.  
In addition to the above mechanism, carriers can alternatively flow over the energy barrier by 
acquiring sufficient discrete thermal energy. Thermionic emission (TE) theory postulates that 
only energetic carriers, which have energy equal to or larger than the conduction band energy, 
at the metal-semiconductor interface can contribute to the flow of current. Thermionic 
emission model, assumes V > 3kT/q, and the J–E characteristics of a Schottky contact are 
described by Equation (5) [36, 44, 46]: 
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Hence, the values for Wt and ΦB can be deduced by the slope and intercept which are 
extrapolated from each semi-log I-V-T data plot [36, 47]. Fig. 6 presents the plot of J/T2 and 
J/E vs E0.5 from 25 to 300°C.  
From the above ideality factors values calculated for both La2O3 coated MoO3 and pure MoO3 
diodes, it is believed that the presence of a very thin layer of La2O3 has generated a greater 
density of defect states in the MoO3 lattice far above the non-ideal threshold value of 2. This 
indicates that there are significantly more trap states at the Pt/La2O3 interface. Thus, the 
dipolar charge is intensified by the charge confined in the traps and a defect trap energy band 
is created as estimated at 0.71 eV. 
The intrinsic Schottky barrier height (extrapolated at zero bias) between Pt and La2O3 coated 
MoO3 is estimated at 0.73 eV. At 25°C, the forward and reverse barrier heights were 
calculated for Pt/La2O3 coated MoO3 nanoplatelets as 0.58 and 0.75 eV, respectively. While 
the forward and reverse barrier heights of 0.848 and 0.467 eV, respectively were calculated 
for Pt/MoO3 nanoplatelets. The thin layer of La2O3 creates a metal-oxide-semiconductor 
(MOS) configuration, where numerous interface traps from the La2O3 layer severely pin the 
Fermi-level [48-52] and the Schottky barrier height resulting in separating the dependence of 
the barrier height with the localized electric fields that are generated in the edges and corners 
of the nanoplatelet morphology. In the metal-semiconductor (MS) configuration (without the 
La2O3 layer), the Fermi-level remains un-pinned, which explains the significantly higher 
estimated forward barrier height and subsequently the lower reverse barrier height. 
The plot of the ideality factor and dielectric constant data (Figs. 4 and 5) indicate that below 
180°C, the dominant conduction mechanism is likely PF emission, and above 220°C, TE 
emission is logically the dominant mechanism. A transition between these two dominant 
mechanisms takes place at temperatures between these two thresholds, so both mechanisms 
can overlap each other to contribute to the measured current. 
3.3. Gas Sensing Performance 
The hydrogen gas sensing mechanism of a metal/semiconductor junction can be explained in 
terms of the diffusion of hydrogen atoms, which changes the work function of the metal and 
intensifies the dipolar charge at the interface. This results in the lowering of the Schottky 
barrier at the metal/semiconductor interface and therefore causes a change in the current-
voltage (I-V) characteristics. Fig. 7(a) shows a plot of the voltage shift of the La2O3 coated 
MoO3 nanostructured sensor as a function of temperature (at 100 µA) in the presence of air 
and 1% hydrogen. The I-V measurements from the pure MoO3 nanoplatelet sensor are shown 
in Fig. 7(b) for reference and comparison. 
The sensor based on La2O3 coated MoO3 nanoplatelets exhibits significantly superior sensing 
performance, which is attributed to the transfer of charge from the hydrogen through the 
localized states at the metal-semiconductor interface leading to a stronger dipolar charged 
layer. In addition, catalytic properties of La can contribute to the improvement of the La2O3 
coated sensor performance as this was also observed by Kim et al. [27] with improved CO2 
sensitivity of lanthanum oxide coated SnO2 films. The results obtained in the present work 
suggest that the use of La2O3 as a dopant in the base oxide is an effective approach to improve 
the sensitivity, as observed by Zhuiykov et al. [33] with La2O3-RuO2 films, and that the 
introduction of La2O3 does not lead to a significant change in the orthorhombic structure.  
In terms of a change in voltage, a maximum voltage shift at 180°C was observed for both 
sensors (Fig. 7) indicating an optimal temperature for hydrogen adsorption for sensors based 
on MoO3 materials. This can be linked to the above explanation as below 180°C, the PF 
emission is the dominant mechanism for the La2O3 coated MoO3 nanoplatelet based sensor 
while for the pure MoO3 nanoplatelet sensor is the TE emission. Thus, as the carriers undergo 
trapping and de-trapping in the La2O3 layer they consume voltage to drive the current through 
these interface traps and also as temperature increases the traps become neutral by 
recombination [53-57]. 
Both sensors exhibited a significantly larger voltage shift in reverse bias operation than in the 
forward due to enhanced electric fields at the tips and edges of the nanostructured 
morphology [4-6, 8, 9, 35, 58]. The dynamic response of the La2O3 coated sensor towards 
hydrogen with different concentrations at 180°C was examined with 100 µA constant reverse 
bias current (as shown in Fig. 8(a)). For comparison, the dynamic response of the pure MoO3 
nanoplatelet sensor is shown in Fig. 8(b) [9]. Fig. 8(c) shows the voltage shift of the measured 
response for the sensors with respect to hydrogen concentration. The plot indicates that the 
voltage shift of the La2O3 coated MoO3 sensor increases almost linear with the increase of 
hydrogen concentration while for the other sensor increases logarithmically.  
Table 1 presents the measured voltage shifts and response/recovery time for both sensors 
upon exposure to hydrogen with different concentrations. The La2O3 coated sensor exhibited 
larger voltage shift upon exposure to hydrogen gas. This could be attributed to catalytic 
properties of La as well as introducing density of defect states into the MoO3 lattice. 
However, the sensor based on La2O3 showed a slower response and recovery as compared to 
the pure MoO3 sensor, due to the trapping and de-trapping processes that occur in the wide 
band-gap La2O3 layer, which slow down the carrier mobility.  
4. Conclusions 
In this work, we compared the electrical and hydrogen sensing properties of MoO3 
nanoplatelets with and without the coating of a thin layer of La2O3. The hydrogen sensing 
performance clearly shows significant improvement in voltage shift, due to the presence of 
numerous interface trap states in La2O3 as well as pinning the Fermi level and thus the barrier 
height. However, the response and recovery times are prolonged due to the trapping and de-
trapping processes. Our work demonstrates an important approach in order to increase the 
sensitivity by adding wide band-gap metal-oxide thin films into the metal-oxide 
nanostructured based sensors.  
Acknowledgment 
The authors would like to acknowledge financial support from Queensland Government 
through NIRAP project, “Solar Powered NanoSensors” and also the Research Grants Council 
(RGC) of Hong Kong Special Administrative Region (HKSAR), China, under Project No. 
HKU713510E. 
References 
 
[1] E. Comini, G. Fagli, G. Sberveglieri, Solid state gas sensing, Springer, New York, 2009. 
[2] K. Kalantar-zadeh and B. Fry, Nanotechnology-enabled sensors, Springer, New York, 
2008. 
[3] M. Z. Atashbar and S. Singamaneni, Room temperature gas sensor based on metallic 
nanowires, Sensors and Actuators B: Chemical, 111–112 (2005) 13-21. 
[4]  J. Yu, M. Shafiei, E. Comini, M. Ferroni, G. Sberveglieri, K. Latham, K. Kalantar-zadeh, 
W. Wlodarski, Pt/nanostructured RuO2/SiC Schottky diode based hydrogen gas sensor, 
Sensor Letters, 9 (2011) 797-800. 
[5] J. Yu, S.I. Ippolito, W. Wlodarski, M. Strano, K. Kalantar-zadeh, Nanorod based Schottky 
contact gas sensors in reversed bias condition, Nanotechnology, 21 (2010) 265502 (8). 
[6] M. Shafiei, J. Yu, R. Arsat, K. Kalantar-zadeh, E. Comini, M. Ferroni, G. Sberveglieri, W. 
Wlodarski, Reversed bias Pt/nanostructured ZnO Schottky diode with enhanced electric field 
for hydrogen sensing, Sensors and Actuators B: Chemical, 146 (2010) 507-512. 
[7] M. Shafiei, A.Z. Sadek, J. Yu, K. Latham, M. Breedon, D. McCulloch, K. Kalantar-
Zadeh, W. Wlodarski, A hydrogen gas sensor based on Pt/nanostructured WO3/SiC Schottky 
diode, Sensor Letters, 9 (2011) 11-15. 
[8] M. Shafiei, J. Yu, M. Breedon, Q. Wu, Z. Hu, L. Qian, N. Motta, K. Kalantar-zadeh, W. 
Wlodarski, Hydrogen gas sensors based on thermally evaporated nanostructured MoO3 
Schottky diode: a comparative study, Proceedings of IEEE Sensors Conference, Limerick, 
Ireland, (2011) 8-11. 
[9] J. Yu, S.I. Ippolito, M. Shafiei, D. Dhawan, W. Wlodarski, K. Kalantar-zadeh  , Reverse 
biased Pt/nanostructured MoO3/SiC Schottky diode based hydrogen gas sensors, Applied 
Physics Letters, 94 (2009) 013504. 
[10] M. Shafiei, A.Z. Sadek, J. Yu, R. Arsat, K. Latham, K. Kalantar-zadeh, W. Wlodarski, 
Pt/TiO2 nanotubes/SiC schottky diodes for hydrogen gas sensing applications, Proceedings of 
IEEE Xplore, 2010 International Conference on Nanoscience and Nanotechnology (ICONN), 
(2010) 58-61. 
[11] G. Korotcenkov, Metal oxides for solid-state gas sensors: What determines our choice?, 
Materials Science and Engineering B-Solid State Materials for Advanced Technology, 139 
(2007) 1-23. 
[12] M. Ferroni, V. Guidi, G. Martinelli, P. Nelli, M. Sacerdoti, G. Sberveglieri, 
Characterization of a molybdenum oxide sputtered thin film as a gas sensor, Thin Solid Films, 
307 (1997) 148-151. 
[13] D. Kulkarni and I. E. Wachs, Isopropanol oxidation by pure metal oxide catalysts: 
number of active surface sites and turnover frequencies, Applied Catalysis A: General, 237 
(2002) 121-137. 
[14]  Y. Chen, F. Meng, C. Ma, Z. Yang, C. Zhu, Q. Ouyang, P. Gao, J. Li, C. Sun, In situ 
diffusion growth of Fe2(MoO4)3 nanocrystals on the surface of α-MoO3 nanorods with 
significantly enhanced ethanol sensing properties, Journal of Materials Chemistry, 22 (2012) 
12900-12906. 
[15]  Y. X. Li, K. Galatsis, W. Wlodarski, M. Passacantando, S. Santucci, P. Siciliano, M. 
Catalano, Microstructural characterization of MoO3–TiO2 nanocomposite thin films for gas 
sensing, Sensors and Actuators B: Chemical, 77 (2001) 27-34. 
[16] J. Arbiol, J.R. Morante, P. Bouvier, T. Pagnier, E. A. Makeeva, M. N. Rumyantseva, A. 
M. Gaskov, SnO2/MoO3-nanostructure and alcohol detection, Sensors and Actuators B: 
Chemical, 118 (2006) 156-162. 
[17] A. A. Firooz, T. Hyodo, A. R. Mahjoub, A. A. Khodadadi, Y. Shimizu, Synthesis and 
gas-sensing properties of nano- and meso-porous MoO3-doped SnO2, Sensors and Actuators 
B: Chemical, 147 (2010) 554-560. 
[18] Y-J. Chen, G. Xiao, T-S. Wang, F. Zhang, Y. Ma, P. Gao, C-L. Zhu, E. Zhang, Z. Xu, Q-
H. Li, α-MoO3/TiO2 core/shell nanorods: Controlled-synthesis and low-temperature gas 
sensing properties, Sensors and Actuators B: Chemical, 155 (2011) 270-277. 
[19] H-L. Yu, L. Li, X-M. Gao, Y. Zhang, F. Meng, T-S. Wang, G. Xiao, Y-J. Chen, C-L. 
Zhu, Synthesis and H2S gas sensing properties of cage-like α-MoO3/ZnO composite, Sensors 
and Actuators B: Chemical, 171–172 (2012) 679-685. 
[20] T-S. Wang, Q-S. Wang, C-L. Zhu, Q-Y. Ouyang, L-H. Qi, C-Y. Li, G. Xiao, P. Gao, Y-
J. Chen, Synthesis and enhanced H2S gas sensing properties of α-MoO3/CuO p–n junction 
nanocomposite, Sensors and Actuators B: Chemical, 171–172 (2012) 256-262. 
[21] M. Nieminen, M. Putkonen, L. Niinistö, Formation and stability of lanthanum oxide thin 
films deposited from β-diketonate precursor, Applied Surface Science, 174 (2001) 155-166. 
[22] H.X. Xu, J.P. Xu, C.X. Li, P.T. Lai, Electrical properties of Ge metal-oxide-
semiconductor capacitors with La2O3 gate dielectric annealed in different ambient, Thin Solid 
Films, 518 (2010) 6962-6965. 
[23] T. Mahalingam, M. Radhakrishnan, C. Palasubramanian, Dielectric behaviour of 
lanthanum oxide thin film capacitors, Thin Solid Films, 78 (1989) 229-233. 
[24] Y. M. Gao, P. Wu, K. Dwight, A. Wold, Growth and characterization of thin films of 
Y2O3, La2O3 and La2CuO4, Journal of Solid State Chemistry, 90 (1991) 228-233. 
[25] B. Klingenberg and M. A. Vannice, NO adsorption and decomposition on La2O3 studied 
by DRIFTS, Applied Catalysis B: Environmental, 21 (1999) 19-33. 
[26] A. M. Ruiz, A. Cornet, L.R. Morante, Performances of La-TiO2 nanoparticles as gas 
sensing material, Sensors and Actuators, B: Chemical, 111-112 (2005) 7-12. 
[27] D. H. Kim, J.Y. Yoon, H.C. Park, K.H. Kim, CO2-sensing characteristics of SnO2 thick 
film by coating lanthanum oxide, Sensors and Actuators B: Chemical, 62 (2000) 61-66. 
[28] E. H. A. Diagne and M. Lumbreras, Elaboration and characterization of tin oxide–
lanthanum oxide mixed layers prepared by the electrostatic spray pyrolysis technique, Sensors 
and Actuators B: Chemical, 78 (2001) 98-105. 
[29] C. V. G. Reddy, S.V. Manorama, V.J.  Rao, Influence of La2O3 loading on SnO2 based 
sensors, Journal of Materials Science, 35 (2000) 3403-3407. 
[30] N. Mizuno, T. Yoshioka, K. Kato, M. Iwamoto, CO2-sensing characteristics of SnO2 
element modified by La2O3, Sensors and Actuators B: Chemical, 13 (1993) 473-475. 
[31] G. Chen, J. Yu, P.T. Lai, A study on MIS Schottky diode based hydrogen sensor using 
La2O3 as gate insulator, Microelectronics Reliability, 52 (2012) 1660–1664. 
[32] K. Kalantar-zadeh, J. Tang, M. Wang, K.L. Wang, A. Shailos, K. Galatsis, R. Kojima, V. 
Strong, A. Lech, W. Wlodarski, R.B. Kaner, Synthesis of nanometre-thick MoO3 sheets, 
Nanoscale, 2 (2010) 429-433. 
[33] S. Zhuiykov, D. Marney, E. Kats, Investigation of electrochemical properties of La2O3–
RuO2 thin-film sensing electrodes used in sensors for the analysis of complex solutions, 
International Journal of Applied Ceramic Technology, 8 (2011) 1192-1200.   
[34] E. Comini, L. Yubao, Y. Brando, G. Sberveglieri, Gas sensing properties of MoO3 
nanorods to CO and CH3OH, Chemical Physics Letters, 407 (2005) 368-371. 
[35] J. Yu, M. Shafiei, W. Wlodarski, Y.X. Li, K. Kalantar-zadeh, Enhancement of electric 
field properties of Pt/nanoplatelet MoO3/SiC Schottky diode, Journal of Physics D-Applied 
Physics, 43 (2010) 025103. 
[36] S. M. Sze and K. K. Ng, Physics of semiconductor devices, Wiley, New York, 2007. 
[37] W. Mönch, Electronic properties of semiconductor interfaces, Springer, New York, 
2004. 
[38] J. Sikula, J. Hlavka, V. Sedlakova, L. Grmela, P. Hoeschl, T. Zednicek, Z. Sita, 
Conductivity mechanisms and breakdown characteristics of niobium oxide capacitors, AVX 
Corporation 2003, 281-285. 
[39] J. Sikula, V. Sedlakova, H. Navarova, J. Hlavka, Z. Sita, Niobium oxide and tantalum 
capacitors: Leakage current and MIS model parameters, Components Technology Institute 
Inc. 2007, 337. 
[40] J. Sikula, V. Sedlakova, H. Navarova, J. Hlavka, M. Tacano, Z. Sita, Tantalum and 
niobium oxide capacitors: leakage current, anodic oxidation and reliability, CARTS Europe, 
2007, 213-222. 
[41] W. Mönch, Electronic properties of ideal and interface-modified metal-semiconductor 
interfaces, Journal of Vacuum Science & Technology B, 14 (4) (1996) 2985-2993. 
[42] J. Lyklema, Fundamentals of interface and colloid science, vol. 5: Academic Pr, 2005. 
[43] J.P. Sullivan, R.T. Tung, M.R. Pinto, W.R. Graham, Electron-transport of 
inhomogeneous Schottky barriers - a numerical study, Journal of Applied Physics, 70 (12) 
(1991) 7403-7424. 
[44] Y. Irokawa, Hydrogen sensors using nitride-based semiconductor diodes: The role of 
metal/semiconductor interfaces, Sensors, 11 (1) (2011) 674-695. 
[45] W. Mönch, Metal-semiconductor contacts: Electronic properties, Surface Science, 299 
(1-3) (1994) 928-944. 
[46] H.J. Lee, C.W. Ahn, S.H. Kang, C. Do Kim, I.W. Kim, J.S. Kim, J.S.; Lee,  DC 
conduction behavior of Bi3.15Nd0.85Ti3O12; thin films grown by RF-magnetron sputtering, 
Journal of Electroceramics, 21 (2008) 851-854. 
[47] L. Wang, M.I. Nathan, T.H. Lim,  M.A. Khan, Q. Chen, High barrier height GaN 
Schottky diodes: Pt/GaN and Pd/GaN, Applied Physics Letters, 68 (9) (1996) 1267-1269. 
[48] A.J. Bard, A.B. Bocarsly, F.R.F. Fan, E.G. Walton, M.S. Wrighton, The concept of 
Fermi level pinning at semiconductor/liquid junctions. Consequences for energy conversion 
efficiency and selection of useful solution redox couples in solar devices, Journal of the 
American Chemical Society, 102 (1980) 3671-3677. 
[49] R. T. Tung, Chemical bonding and Fermi level pinning at metal-semiconductor 
interfaces, Physical review letters, 84 (2000) 6078-6081. 
[50] V. Brudnyi, S.N Grinyaev,  V.E Stepanov, Local neutrality conception: Fermi level 
pinning in defective semiconductors, Physica B: Condensed Matter, 212 (1995) 429-435. 
[51] N. Newman, W.E. Spicer, T. Kendelewicz, I. Lindau, On the Fermi level pinning 
behavior of metal/III–V semiconductor interfaces, Journal of Vacuum Science & Technology 
B: Microelectronics and Nanometer Structures, 4 (1986) 931-938. 
[52] T. Nishimura, K. Kita, A. Toriumi, Evidence for strong Fermi-level pinning due to 
metal-induced gap states at metal/germanium interface, Applied Physics Letters, 91 (2007) 
123123-123123-3. 
[53] C. Le Gressus and G. Blaise, Breakdown phenomena related to trapping/detrapping 
processes in wide band gap insulators, Electrical Insulation, IEEE Transactions on, 27 (1992) 
472-481. 
[54] P. De Jongh and D. Vanmaekelbergh, Trap-limited electronic transport in assemblies of 
nanometer-size TiO2 particles, Physical review letters, 77 (1996) 3427-3430. 
[55] Y. Nissan-Cohen, J. Shappir, D. Frohman-Bentchkowsky, Dynamic model of trapping-
detrapping in SiO2, Journal of Applied Physics, 58 (1985) 2252-2261. 
[56] An Chen, S. Haddad, W. Yi-Ching, F. Tzu-Ning, L. Zhida, S. Avanzino, S. Pangrle, M. 
Buynoski, M. Rathor, C. Wei, N. Tripsas, C. Bill, M. VanBuskirk, M. Taguchi, Non-volatile 
resistive switching for advanced memory applications, (2005) 746-749. 
[57] J. Robertson, High dielectric constant gate oxides for metal oxide Si transistors, Reports 
on Progress in Physics, 69 (2006) 327. 
[58] J. Yu, J. Liu, M. Breedon, M. Shafiei, H. Wen, Y. X. Li, W. Wlodarski, G. Zhang, K. 
Kalantar-zadeh, The correlation between electric field emission phenomenon and Schottky 
contact reverse bias characteristics in nanostructured systems, Journal of Applied Physics, 
109 (2011) 114316 (4).  
Biography 
M. Shafiei received her Bachelor of Science in Electrical and Electronics Engineering from 
Amir Kabir University of Technology (Tehran Polytechnique), Iran in 1998. She completed 
her PhD at RMIT University, Melbourne, Australia in 2011. She is currently a postdoctoral 
research fellow at QUT, Queensland, Australia. Her major area of research includes chemical 
sensors, nanotechnology and material science. 
J. Yu is a Postdoctoral Fellow at The University of Hong Kong, Hong Kong SAR. His 
current research involves the design and fabrication of multiple quantum wells from thin film 
metal-oxide and metal-nitride films for the development of nanotechnology enabled hydrogen 
and hydrocarbon gas sensors. He investigates the physical, electronic and catalytic properties 
of these structures, and his work includes the development of new theoretical mechanisms to 
incorporate the effects exhibited by matter on the nanoscale. He completed his PhD from 
RMIT University in 2011, and also a double degree in Applied Physics and Electronic 
Engineering 2007 at RMIT University. 
G. Chen received his Bachelor's Degree of Engineering and Master's Degree of Engineering 
from Department of Electronic Science and Technology at Huazhong University of Science 
and Technology, China, in 2004 and 2006, respectively. He is currently working towards a 
PhD degree in Department of Electrical and Electronic Engineering at The University of 
Hong Kong. His research interest is on nanoelectronic devices, especially targeting the area of 
gas sensors. 
P.T. Lai received the B.Sc. (Eng.) degree from the University of Hong Kong. His Ph.D. 
research at the University of Hong Kong was on the design of  small-sized MOS transistor 
with emphasis on narrow-channel effects. The work involved the development of both 
analytical and numerical models, the study  of this effect in relation to different isolation 
structures, and the development of efficient numerical algorithms for device simulation. 
Worked as a Post-doctoral fellow at the University of Toronto: i) proposed and implemented a 
novel self-aligned structure for bipolar transistor, ii)  designed and implemented an advanced 
poly-emitter bipolar process with emphasis on self-alignment and trench isolation. Current 
interests are on thin gate dielectrics for FET devices based on Si, SiC, GaN, Ge and organics; 
micro-sensors for detecting gases, heat, light and flow. 
N. Motta has obtained his Laurea in Physics in 1981 (Università La Sapienza-Roma) and his 
PhD in Physics in 1986 (Scuola Normale Superiore-Pisa). He is currently leading research at 
QUT in solar energy and environmental nanotechnology, developing new polymer solar cells 
and solar-powered nanosensors. He is internationally recognized in the field of material 
science, with over 20 years experience in growth and characterization of nanostructures, STM 
and AFM. Nunzio has obtained several visiting positions in various research institutions 
across Europe, published more than 110 papers in material science and surface physics and 
led many international research projects in the area of nanotechnology.  
W. Wlodarski has worked in the areas of sensor technology and instrumentation for over 30 
years. He has published 4 books and monographs, over 400 papers and holds 29 patents. He is 
a professor at RMIT University, Melbourne, Australia, and heads the Sensor Technology 
Laboratory at the School of Electrical and Computer Engineering. 
K. Kalantar-zadeh is an Associate Professor at RMIT University, Australia. He received his 
B.Sc. (1993) and M.Sc. (1997) degrees from Sharif University of Technology, Iran, and 
Tehran University, Iran, respectively, and his Ph.D. from RMIT University, Australia (2001). 
His research interests include sensors, nanotechnology, materials sciences, electronics, and 
microfluidics. Kourosh is internationally recognized for his work on two dimensional metal 
oxides and has published over 250 peer reviewed papers in journals and proceedings of 
international conferences. 
 
Figures Captions 
Fig.1. SEM micrographs of La2O3 coated MoO3 nanoplatelets; inset: TEM image indicating 
4 nm layer of La2O3 thin film deposited on the MoO3 nanoplatelets. 
Fig.2. XRD spectra of the La2O3 coated MoO3 and pure MoO3 nanoplatelets [9].  
Fig.3. I-V characteristics of (a) Pt/La2O3 coated MoO3 nanoplatelets/SiC and (b) Pt/MoO3 
nanoplatelets/SiC Schottky diodes measured at temperatures ranging from 25 to 360°C. 
Fig.4. Plot of calculated ideality factor as a function of temperature from forward I-V 
characteristics of La2O3 coated MoO3 and pure MoO3 nanoplatelets Schottky diodes. 
Fig.5. Estimated dielectric constant with respect to temperature as extracted from the I-V 
characteristics of La2O3 coated MoO3 nanoplatelets diode. 
Fig.6. Plots of J/T2 and J/E vs E0.5 from 25 to 300°C and the evaluated Schottky barrier height 
ΦB and trap activation energies Wt. 
Fig.7. Plot of voltage shift as a function of temperature towards 1% hydrogen with a constant 
bias current of 100 µA for (a) La2O3 coated MoO3 and (b) MoO3 nanoplatelet based sensors. 
Fig.8. Dynamic response of the sensors based on (a) La2O3 coated MoO3 and (b) MoO3 
nanoplatelets towards hydrogen with different concentrations at 180°C. (c) Plot of voltage 
shift as a function of hydrogen concentration. 
  
Table 1. (a) Voltage shifts, (b) response and (c) recovery time for La2O3 coated MoO3 and 
MoO3 nanoplatelet sensors towards hydrogen with different concentrations at 180°C. 
 
 
 
Sensor 
Voltage Shift (V) 
0.06% 0.125% 0.25% 0.5% 1% 
La2O3 coated MoO3 0.39 0.57 0.75 1.23 2.23 
MoO3 0.27 0.48 0.70 0.91 1.34 
 
 
Sensor 
Response Time (s) 
0.06% 0.125% 0.25% 0.5% 1% 
La2O3 coated MoO3 168 135 96 225 147 
MoO3 30 117 36 33 40 
 
 
Sensor 
Recovery Time (s) 
0.06% 0.125% 0.25% 0.5% 1% 
La2O3 coated MoO3 231 507 159 276 591 
MoO3 300 114 144 162 270 
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